Abstract
INTRODUCTION
The prevalence of obesity and the incidence of colon cancer continue to increase in Taiwan as in other developed countries. The findings of many studies support the idea that obesity is a risk factor for the development of colon cancer [1] [2] [3] . However, the few studies that have investigated the influence of body mass index (BMI) on the outcomes of colon cancer patients have produced inconsistent findings [4] [5] [6] [7] . These previous reports were mostly from Western countries and based on clinical trial data. We investigated herein the role of BMI in general colon cancer patients in Taiwan; the population of this study may represent both Chinese people and Asians in general, in terms of the clinical characteristics, postoperative morbidities and mortalities, and long-term outcome defined by overall survival (OS), disease-free survival (DFS), and cancer-specific survival (CSS).
MATERIALS AND METHODS

Study population
From January 1995 to July 2003, 2138 patients from a total population of 2765 patients with histologically confirmed adenocarcinoma of the colon were enrolled in this study; 14 nonmetastatic patients without available BMI data and 613 patients with metastatic disease were excluded. The included patients had regular followup visits with a healthcare professional until December 2008 (i.e., a postoperative follow-up period of at least 5 years) or until death.
The demographic and clinicopathologic data evaluated for each patient included age, gender, body height and weight, tumor stage (as defined according to the American Joint Committee on Cancer TNM staging system, sixth edition, New York: Springer-Verlag, 2002), tumor location, degree of tumor differentiation, timing of surgery (i.e., elective or emergent), medical illness, and preoperative laboratory data.
BMI was calculated as the weight in kilograms divided by the height in meters squared. The following BMI categories were established according to the classification of the Department of Health (DOH) of Taiwan: ). For long-term outcome, BMI was also categorized according to the World Health Organization (WHO) classification [9] as follows: underweight (BMI < 18.5 kg/m 2 ), normal weight (BMI = 18.5-24.9 kg/m 2 ), overweight (BMI = 25-29.9 kg/m 2 ), and obese (BMI ≥ 30 kg/m 2 ) to enable comparison with the Taiwanese classification, since The Expert Consultation on BMI in Asian populations recommended that the current WHO BMI cut-off points be retained as the international classification [10] . Local recurrence or distant metastasis was confirmed histologically or radiographically, while postoperative mortality was defined as death within 30 d of the primary surgery. The patients were divided into three age groups: younger than 40 years (younger group), 40-75 years (middle age group), and older than 75 years (elderly group). The carcinoembryonic antigen (CEA) level was considered to be abnormal at > 5 ng/mL. Tumor location was categorized as right (from the cecum to the transverse colon) or left (from the splenic flexure to the sigmoid colon). Hypoalbuminemia was defined as a serum albumin level of < 35 g/L and apparent anemia was defined as a hemoglobin level of < 10 g/dL.
Statistical analysis
Survival curves were constructed using the KaplanMeier method and then compared using the log-rank test. OS was calculated as the number of years from primary surgery to the date of death. DFS was calculated as the number of years from primary surgery to either the first disease recurrence or death. CSS was calculated as the number of years from primary surgery to the first of disease recurrence. The two arms were compared by Pearson χ 2 test and independent-samples t tests to detect any differences in proportions and means. A Cox regression model was used for multivariate analysis. All P values were two-tailed, and they were considered to be statistically significant at < 0.05.
RESULTS
Disease and patient characteristics
The study population comprised 2138 patients with colon cancer, of whom 1109 were males and 1029 were females. BMI in this study ranged from 12.2 kg/m 2 to 49.0 kg/m 2 , with a mean of 23.4 kg/m 2 . Of the 2138 patients, 164 (7.7%) were underweight, 1109 (51.9%) were normal weight, 550 (25.7%) were overweight, and 315 (14.7%) were obese.
The characteristics of the patients and tumors are presented stratified according to BMI category in Table 1 . The age of the entire study population was 61.4 ± 13.9 years (mean ± SD); those of the underweight, normalweight, overweight, and obese patients were 63.5 ± 17.3 years, 61.8 ± 14.0 years, 61.9 ± 12.4 years, and 61.7 ± 12.3 years, respectively. The mean age did not differ significantly with the BMI category (P = 0.828). However, the distribution of age groups differed significantly with the BMI category, with the proportions of younger and elderly patients being higher in underweight-patients group than in the other groups (P < 0.001). The gender distribution also differed significantly between the underweight patients and the other groups, with underweight patients being more likely to be female. The tumor location also differed significantly, with the proportion of right colon cancer decreasing as the BMI category increased (P < 0.001).
With respect to the distribution of tumor stage among the BMI categories, the number of stage Ⅰ tumors was lower in the underweight and normal-weight patients than in the overweight and obese patients. The obese patients had the lowest number of stage Ⅲ tumors.
The proportion of emergent operations did not differ significantly with the BMI category: 3.7% of underweight, 3.4% of normal-weight, 2.5% of overweight, and 2.2% of obese patients (P = 0.584).
Underweight patients were the most likely to exhibit apparent anemia (hemoglobin < 10 g/dL) and have hypoalbuminemia and body weight loss (P < 0.001). The proportion of patients with body weight loss, hypoalbuminemia, and apparent anemia decreased as the BMI category increased. The percentage of patients with an abnormal preoperative CEA level did not differ significantly with the BMI category.
Finally, with regard to associated medical illnesses, the percentage of patients with hypertension or diabetes mellitus increased with the BMI category. Obese patients were the most likely to have heart disease. The other associated comorbidities including previous stroke, asthma, peptic ulcer disease, chronic hepatitis, renal insufficiency, and others (e.g., gall stones and thyroid disease) did not differ significantly with the BMI category. 
Long-term outcome
Data from all patients who received surgery were used to analyze the long-term outcome. Univariate analysis was performed using the Kaplan-Meier method, along with the log-rank test and Cox proportional-hazards model. The results of our statistical analysis are presented in Table 2 , and the survival curves are shown in Figure 1A (OS), Figure 1B (DFS), and Figure 1C (CCS). Univariate analysis revealed that OS (P < 0.001) and DFS (P = 0.001) were lowest in the underweight patients. The OS was marginally higher (P = 0.046) in overweight patients than in normal-weight patients, but the DFS (P = 0.103) did not differ significantly between the two groups. No significant difference in OS (P = 0.500) or DFS (P = 0.807) was observed between normal-weight and obese patients.
CSS did not differ significantly with the BMI category (P = 0.346). The results were similar when these patients were categorized according to the WHO BMI classifications.
Adjuvant chemotherapy was offered to 58.0%, 70.1%, 73.9%, and 70.8% of underweight, normal-weight, overweight, and obese patients with stage Ⅲ tumors, respectively (P = 0.096). In total, 70.2% of patients with stage Ⅲ tumors received adjuvant chemotherapy.
Since the compositions of patients and tumors differed with the BMI category, multivariate analysis was used to determine the effect of BMI along with other confounding factors on the long-term outcome. The variables of the Cox regression model included BMI, TNM stage, age group, gender, comorbidities (patients were divided into three groups: without, with one or two kinds, and with more than two kinds of comorbidity), CEA (normal vs abnormal), hemoglobin (< 10 g/L vs ≥ 10 g/L), albumin (normal vs hypoalbuminemia), timing of surgery (elective vs emergent), postoperative morbidity (with vs without), tumor location (right vs left), histologic type (adenocarcinoma vs mucinous vs signetring type), and histologic grade (high vs moderate vs low differentiation). The hazard ratio (HR) of each BMI category was compared with that of the normal-weight patients. The results of multivariate analysis for OS, DFS, and CSS are listed in Table 3 .
As documented in Table 4 , underweight patients had a significantly worse OS [HR, 1.58; 95% confidence interval (CI), 1.23-2.05; P < 0.001] and DFS (HR, 1.49; 95% CI, 1.16-1.93; P = 0.002), but their CSS did not differ significantly (HR, 1.33; 95% CI, 0.94-1.87; P = 0.107) when compared with the normal-weight patients. OS, DFS, or CSS did not differ significantly between the normal-weight, overweight, and obese patients.
To determine whether the prognostic effect of BMI was related to patient gender, a multivariate analysis was applied to separated data from male and female patients. The results of this statistical analysis yielded the same findings between the genders: CSS did not differ significantly with the BMI category for all patients or for male
Short-term outcome
The postoperative morbidity, anastomostic leakage, and mortality rates did not differ significantly between the underweight, normal-weight, overweight, and obese patients: 12.8%, 12.9%, 13.3% and 15.6%, respectively (P = 0.667); 1.2%, 1.4%, 1.6%, and 1.9%, respectively (P = 0.880); and 3.7%, 1.3%, 1.1%, and 0%, respectively (P = 0.007). or female patients.
DISCUSSION
BMI is a simple and easy-to-determine index used to classify individuals as being underweight, overweight, or obese. The classification of BMI was established to evaluate health risks such as type 2 diabetes and cardiovascular disease [9, 10] . The associations between BMI, percentage of body fat, and distribution of body fat differ across populations, which has resulted in different cut-off points for classifications being used in different countries. Furthermore, the cut-off points for certain risks vary between different Asian populations [10] . The Expert Consultation on BMI in Asian populations recommended that the current WHO BMI cut-off points be retained as the international classification [10] . In the present study, BMI classifications were based on the definition of the DOH, Taiwan. In addition, the WHO BMI classifications were used to evaluate the long-term outcome of colon cancer survivors and to compare with the Taiwan BMI classification system. In the present study, the prevalence rates of diabetes and hypertension increased significantly with the BMI category; this finding is highly consistent with the intended meaning of the BMI classification system. However, the risks of other comorbidities such as asthma, hepatitis, peptic ulcer disease, and renal insufficiency were not correlated with the BMI category.
Obesity is a growing problem in Taiwan and is known to increase the risk of developing colon cancer [1] [2] [3] . It has also been reported that obese patients have a higher risk of surgical complications [11] [12] [13] . Previous studies have produced controversial results regarding the relationship between obesity and anastomotic leakage [14, 15] . Sorensen et al [14] reported that obesity is not a risk factor for anastomotic leakage in colonic resection, while Biondo et al [15] reported that obesity is an independent risk factor, but is only associated with emergent procedures of the left colon. Miransky et al [16] reported that obesity and a contaminated surgical procedure independently predicted surgical-site infection in colorectal procedures. Riou et al [17] reported that obesity was a significant independent risk factor for wound dehiscence. Obesity has also been reported to be a risk factor for the postoperative occurrence of pulmonary complications [18, 19] . The postoperative morbidity rate and anastomostic leakage rate did not differ significantly with the BMI category in our study. However, one of the limitations of this study is that we did not examine whether the occurrence rate of the other type of complications differed with the BMI category.
In the present study, the risk of postoperative mortality was highest in underweight patients. This finding is similar to that of Hickman et al [20] Although obese patients have higher rates of comorbidities with cardiovascular disease and diabetes, the postoperative morbidity and mortality rates were comparable with the normalweight patients. Conversely, the underweight patients had a lower rate of comorbidities but a higher rate of postoperative mortality than did the other patients. However, a higher proportion of underweight patients in this study were hypoalbuminemic and anemic. The observed higher postoperative mortality rate may be at least partially attributed to the associated disease conditions. Whether obese colon cancer patients have a worse long-term outcome than other patients remains a matter of controversy. Sinicrope et al [7] reported that underweight patients had a significantly worse OS (P = 0.0258), and that BMI ≥ 35 kg/m 2 patients exhibited a trend toward a worse DFS (P = 0.0725) and OS (P = 0.0805) compared with normal-weight patients, but there was no significant difference. When they analyzed the data according to patient gender, males with BMI ≥ 35 kg/m 2 exhibited a reduced OS, and females with obesity (BMI = 30-34 kg/m 2 ) had a reduced OS when compared with their normal-weight counterparts. BMI category was significantly associated with both DFS and OS in multivariate analysis in their study. Meyerhardt et al [6] reported that neither BMI nor weight change was significantly associated with colon cancer patient survival indicators, including the OS, DFS, and recurrence-free survival, even for underweight patients. Dignam et al [5] reported that OS and DFS were significantly worse for underweight patients (BMI < 18.5 kg/m 2 ) and very obese patients (BMI ≥ 35 kg/m 2 ) than for normal-weight patients. Very obese patients had a greater risk of cancer recurrence or secondary primary tumors. In the present study, we found that BMI by itself was not a significant factor of CSS in colon cancer, but OS and DFS did tend to be worse for underweight patients than for the other patients. We found no differential effect of gender on either BMI or obesity. Compared with other patients, underweight patients had a worse OS but a similar CSS. This implies that many underweight patients died from noncancer events. It would have been reasonable to conclude that underlying comorbidities caused the higher mortality risk among the underweight patients, but in the present study this group actually had the smallest number of comorbidities. Further research should be conducted to establish the mechanisms responsible for the observed higher mortality risk in underweight patients. Furthermore, previous studies have shown that highly ) or males may have a worse long-term outcome than normal-weight patients, but the obese cohort of the present study was not large enough to allow analysis of the difference.
In this study, tumor location was found to be correlated with BMI, such that the proportion of patients with right colon cancer increased as the BMI category decreased. Whether patients with a lower BMI tend to have right-side colon cancer is not well known or studied. However, since the lumen is larger for the right than the left colon, symptoms related to the tumor such as small-caliber or bloody stool need more time to be sensed by patients with right colon cancer, resulting in a longer period of nutrition depletion and body weight loss. Minoo et al [21] reported that proximally located tumors are significantly larger than those found in the distal colon. We have shown previously that the prevalence of malnutrition (hypoalbuminemia) is higher for right colon tumors than for left colon tumors [22] . Moreover, body weight loss is more common in right colon cancer than in left colon cancer (48.8% and 33.5%, respectively; P < 0.001). BMI is reduced in patients with body weight loss, and more patients with right colon tumors have body weight loss resulting in a lower BMI, which may partly explain the greater number of left-side tumors in the groups with a higher BMI.
The findings of this study suggest that a low BMI is a marker of weight loss, blood loss, nutrition depletion, and more-advanced disease, all of which are associated with a worse DFS and OS [22] [23] [24] . This could be the reason why the low-BMI group had a lower DFS and OS.
This study was subject to some limitations. It lacked data regarding changes in body weight before and after surgery, measurement of central obesity, physical activity, and diet changes after surgery, and involved a smaller sample than did previous studies. However, the study's cohort came from a single medical institution with a standard collection of patients' data, and so there was no selection bias as might be expected in a clinical trial. The results of this study pertain to patients from Taiwan and hence may not be generalizable to other populations.
For the population of Taiwan, which represents both Chinese people and Asians in general, BMI does not appear to be a significant factor of colon-CSS, but underweight patients appear to have a higher postoperative mortality and worse OS, and are less likely to experience DFS than those in the other BMI categories. The obese patients had a higher wound complication rate, but exhibited a similar survival rate when compared to the normal-weight patients.
COMMENTS
Background
The prevalence of obesity and the incidence of colon cancer continue to increase in Taiwan as in other developed countries. Studies that have investigated the influence of body mass index (BMI) on the outcomes of colon cancer patients have produced inconsistent findings. These previous reports were mostly from Western countries, and lacked data regarding Asian people. The authors therefore investigated the role of BMI in general colon cancer patients of Taiwan, in terms of the clinical characteristics and short-and long-term outcomes.
Research frontiers
BMI is a simple index that is used to classify individuals as being underweight, overweight, or obese. The cut-off points of BMI for classifications vary in different countries. The World Health Organization BMI classifications were used to evaluate the long-term outcome of colon cancer survivors and were compared with those determined using the Taiwan BMI classification system.
Innovations and breakthroughs
The findings of the present study demonstrate that a low BMI could be a marker of weight loss, blood loss, nutrition depletion, and more-advanced disease. For the population of Taiwan, which represents both Chinese people and other Asians in general, BMI does not appear to significantly affect the colon-cancerspecific survival, although underweight patients do appear to have a higher postoperative mortality and worse overall survival, and are less likely to experience disease-free survival than patients in the other BMI categories.
Applications
BMI is a simple index that can be used to evaluate the likelihood of colon cancer patients developing weight loss, blood loss, nutrition depletion, and moreadvanced disease.
Terminology
BMI was calculated as the weight in kilograms divided by the height in meters squared. The classification of BMI was established to evaluate health risks such as type 2 diabetes and cardiovascular disease.
Peer review
This study investigated the effect of body mass index on the characteristics and overall outcome of colon cancer in Taiwan. This manuscript addresses a highly relevant subject and could be important for the cancer field.
